Background: The guidelines for digital ulcers (DUs) management in systemic sclerosis (SSc) indicate the use of iloprost to induce wound healing and bosentan to prevent the onset of new DU. The aim of our study was to evaluate whether the combination treatment may surmount the effect of the single drug. Methods: We analyzed data regarding 34 patients with SSc and at least one active DU persisting despite 6 months of iloprost therapy, and treated for other 6 months with a combination therapy, i.e. iloprost plus bosentan. Results: Overall, patients initially presented 69 DUs (58 on the fingers and 11 on the legs). At the end of the study 34 (49.3%) DUs were completely healed (responding, R), 18 (26.1%) started the healing process (partially responding, PR), and 17 (24.6%) did not respond (NR) to therapy. No new DU was recorded and the ulcers localized on the legs did not respond to the combination therapy. Finally, data have been analyzed by dividing the patients in two groups according to the fibrosis level on the finger. In the group with mild fibrosis, 83.4% of DUs resulted with showing complete healing while, in the group with severe fibrosis, only 18% of DUs were healed (P = 0.024).
Introduction
Systemic sclerosis (SSc) is a multisystemic autoimmune connective tissue disease characterized by microvascular damage and excessive cutaneous and visceral fibrosis, with an estimated prevalence of 30-120 cases per million. 1, 2 Vascular injury leads to structural changes, loss of capillaries, and remodeling of the vessel wall resulting in progressive luminal narrowing and eventually vascular occlusion. This process is mediated by molecules that regulate mainly cell apoptosis, proliferation and vasoconstriction including reduction of prostacyclin release, decreased production of nitric oxide (NO), and increased production of endothelin-1 (ET-1). 3 ET-1 is a 21-amino acid polypeptide and its signaling is mediated by two transmembrane G-protein-coupled receptors (ETA and ETB) with different binding affinity and physiologic effects. 4, 5 ETA receptors are expressed on vascular smooth muscle cells and primarily mediate vasoconstriction, whereas ETB receptors are expressed both on endothelial cells, mediating vasodilatation, and on smooth muscle cells, mediating vasoconstriction. 6 In the serum of patients affected by SSc the levels of ET-1 are increased regarding healthy control participants. 7, 8 ET-1 may be involved in the structural changes observed in SSc. ET-1 is a potent vasoconstrictor and may play a role in the development of dermal fibrosis in SSc through its stimulation of matrix biosynthesis by fibroblasts and smooth muscle cells. [9] [10] [11] The clinical manifestations related to vascular involvement in SSc are represented by the Raynaud's phenomenon and onset of digital ulcers. 12 Digital ulcers are defined as denuded areas with well demarcated borders, involving, in different degrees, the epidermis, the dermis, the subcutaneous tissue, and sometimes also the bone, located on the volar surface of the fingers, distal to the proximal interphalangeal joints. 13 Digital ulcers occur in 30-58% of patients, and are more frequent in patients with diffuse SSc. Digital ulcers are painful and determine a functional impairment with a significant impact on the patient's quality of life. Furthermore, chronic ulcers can become infected, leading to gangrene and need of amputation. The healing is slow due to the atrophic, fibrotic, and avascular nature of the local tissue. 14 Currently, there is no official algorithm for diagnosis and therapy of digital ischemia leading to digital ulcers in SSc. A conventional therapeutic approach to digital lesions should include vasoactive medications, antiplatelet agents, antibiotics as needed, and analgesia. The response to vasodilators in patients with SSc is variable and often disappointing. There is a visible need for strategies to facilitate healing of the digital ulcers and to prevent occurrence of new lesions. 15 The EULAR recommendations 16 for the treatment of SSc indicate that the intravenous administration of prostanoids (iloprost) is efficacious in digital ulcers healing, while bosentan, a dual endothelin receptor antagonist with affinity for ETA and ETB receptors, has no confirmed efficacy in the treatment of active digital ulcers in SSc patients. Bosentan has also been demonstrated to be effective at preventing digital ulcers in two multicenter randomized prospective, placebo-controlled, double-blind studies that were conducted in Europe, Canada, and USA, the randomized placebo-controlled investigation of digital ulcers in scleroderma (RAPIDS) -1 and -2 13, 17 , and in treating Raynaud's phenomenon. 18, 19 Anyway, several case reports suggest that bosentan may be effective also in the treatment of digital ulcers. 20, 21 Skin thickness is caused by increased collagen and intercellular matrix formation in the dermis, as well as by edema probably caused by both microvascular injury and inflammation. Because of the accumulation of collagen and fluid, the skin becomes thickened, making it impossible to pinch it into a normal skin fold. This first phase is followed by the indurative phase. Besides skin thickening, the skin also becomes shiny, taut, and adherent to the sub cutis. Finally, in the end stage, the skin becomes thin, atrophic, and often tightly tethered to the underlying tissue. 22 At present, the most important validated method for measuring the dermal skin thickness is the modified Rodnan skin score (MRSS). 23 The aim of our study was to evaluate the effect of a combination treatment with iloprost and bosentan on healing of digital ulcers resistant to therapy only with iloprost, and we addressed this issue evaluating the response of digital ulcers to combination therapy in two groups of SSc patients with different grade of digital skin fibrosis.
Patients and methods
The study is a retrospective analysis of data regarding patients who came to our attention during October 2009 to December 2012. The study has been approved by the local Scientific and Ethical Committee and all patients provided their informed written consent for participation in the study. We analyzed data regarding 34 patients affected by SSc, diagnosed according to Le Roy criteria 24 and attending the Rheumatology Unit of IRCCS Scientific Institute and Regional General Hospital "Casa Sollievo della Sofferenza", San Giovanni Rotondo (FG), Italy. The patients showed at least one active digital ulcer, defined as painful area of at least 2 mm in diameter with visible depth and loss of dermis. The study population was clustered in two groups according to the presence of mild or severe skin digital fibrosis assessed by MRSS method. All patients had been previously treated with iloprost for at least 6 months. Each patient was evaluated for disease duration, subset, precisely diffuse SSc (dSSc) and limited SSc (lSSc), and clinical features ( Table 1) .
Personal medical history for all participants was obtained, including age, gender, diseases, drug use, drug abuse and addiction, smoking and alcohol consumption, physical exercise, and other therapies, i.e. calcium channel blockers, ACE inhibitors, angiotensin II receptor antagonists, and anti-platelet agents. The therapeutic regimen must have remained constant for the period considered. Patients were excluded if they had previously received bosentan. Other exclusion criteria included arterial hypertension, infectious diseases, cancer, thoracic trauma, surgical procedures in the last 180 days, smoke, alcohol or drug addiction, hypo-or hyperthyroidism, psychiatric disorders, anemia by any cause, liver, kidney, or heart failure or condition of being chronically ill, and treatment with chemotherapic or hormonal agents. All patients received bosentan 62.5 mg twice daily for 4 weeks and then 125 mg twice daily and iloprost 0.5-2 ng/kg/min for the duration of 6 h every 4 weeks for 6 months. Blood chemistry, including liver function and total blood count, was monitored every 2 weeks during the first month and every 4 weeks thereafter. At each visit, changes in digital ulcer characteristics were assessed, comparing the number, size, extent, and granulation, recording onset of new digital ulcers and scoring the intensity of pain reported by patients ( Figure 1 ).
Statistical analysis
Baseline patients' characteristics were reported as relative frequency (percentage) or mean and standard deviation (SD), for categorical and continuous variables, respectively. Comparisons were performed with Wilcoxon signed rank test. 25 The discriminatory power of digital skin fibrosis (finger-RSS) was assessed by estimating the area (AUC) under the receiver operating characteristic (ROC) curve analysis. The optimal cutoff was assessed by maximizing jointly sensitivity and specificity. Sensitivity and specificity, computed at the optimal cutoff, were reported along with their 95% CI. The significance level was set at P <0.05. All analyses were performed and graphs were created using Stata (StataCorp LP, College Station, TX, USA).
Results
The description of demographics and baseline clinical characteristics of the study population is represented in Table 1 . The mean age of the 34 enrolled subjects (31 women, 3 men) was 43.8±5.9 years, with a female:male ratio approximately of 10:1. They initially had 69 persistent ulcers: 58 digital ulcers were localized on the fingers and 11 non digital ulcers on the legs, not responsive after 6 months of treatment with iloprost alone. After 6 months of treatment with iloprost plus bosentan 34 ulcers responded (R) (49.3%) and were healed, 18 (26.1%) were in remission (PR), and 17 (24.6%) did not respond (NR) (Figure 2 ).
When we considered only the digital ulcers on the hands, 34 digital ulcers healed (58.6%), while 15 presented a partial remission (25.9%) and only nine digital ulcers did not respond to treatment (15.5%) ( Figure 3 ). The mean of digital ulcers for patient decreased from 1.7 to 0.7 (P = 0.00003).
Then we clustered the population in two groups according to digital MRSS: the first group (23 patients) had mild digital skin fibrosis (finger-RSS 1) and the second group (11 patients) had severe digital skin fibrosis (finger-RSS 3). The patients with mild skin digital fibrosis (finger-RSS 1) initially had 36 digital ulcers, and after 6 months of treatment with bosentan and iloprost 30 digital ulcers healed (83.4%) and six presented partial remission (16.6%).
The 11 patients with severe skin digital fibrosis (finger-RSS 3) had initially 22 digital ulcers and after 6 months of treatment with bosentan and iloprost only four had complete recovery (18%), nine were in partial remission (41%), and nine did not respond (41%) ( Table 2) .
By comparing the results observed in the groups with mild and severe digital skin fibrosis, respectively, R digital ulcers were 83.4% vs. 18% (P = 0.024), PR digital ulcers were 16.6% vs. 41% (P = 0.0004), NR digital ulcers were 0% vs. 41% (P = 0.0001) ( Figure 4 ). The ROC curve shows that the value of digital skin fibrosis (finger-RSS) ⩽1 is favorable to healing, with a sensivity of 88.9% and a specificity of 85.7% ( Figure 5 ). In our study population the therapy with iloprost and bosentan in combination was not effective in healing non-digital ulcers on lower limbs: after 6 months of treatment, none of the 11 ulcers healed and only four showed partial regression. Besides, during the treatment we did not observe the development of new digital ulcers, and bosentan therapy in our patients was well tolerated and no adverse event was recorded. In the observation period there was complete adherence to the therapeutic protocol and no treatment discontinuation.
Discussion
Digital ulcers are a major clinical problem in patients affected by SSc, considering that they are very painful, lead to a great deal of disability, and the healing is slow due to the atrophic, fibrotic, and avascular nature of the local tissue. Digital ulcers are related to recurrent ischemia from various processes, including vasospasm from Raynaud's phenomenon, thrombosis of digital arteries, calcinosis, and structural microvascular changes related to the underlying SSc. Recurrent trauma, particularly in patients with joint contractures, also contributes to the development of digital ulcers in patients with SSc. 26 The management of digital ulcers in patients affected by SSc is complex and multifaceted, and includes: (1) non-pharmacologic therapies, such as avoidance of triggers of Raynaud's phenomenon, avoidance of trauma and use of occlusive and topical hydrocolloid dressings; (2) pharmacologic therapies, such as supportive measures (pain medications and antibiotics), vasodilating agents (calcium channel blockers, nitrates, iloprost, bosentan, sildenafil), anti-platelet therapies (aspirin, dipyridamole), anticoagulant therapies (heparin, pentoxifylline); (3) surgical therapies. 27 The EULAR/EUSTAR recommendations for the treatment of SSc indicate that only intravenous prostanoids, in particular iloprost, should be considered in the treatment of active digital ulcers, while bosentan is considered ineffective in the treatment of digital ulcers. 16 Anyway, Khun et al. in 2010 demonstrated that bosentan increased the number of healed digital ulcers from 42% at baseline to 88% at the 24th week [28] . Furthermore, a Spanish study conducted in 2008 concluded that bosentan may be a safe long-term alternative for treating and preventing the recurrence of skin ulcers and healed ulcers in SSc patients. 29 In another recent study, the effects of bosentan treatment on the number of healed digital ulcers and on the number of new skin ulcers were evaluated in 26 patients with SSc over a period of 36 months. A significant reduction in the mean number of digital ulcers per patient could be found, as well as healing of skin ulcers in 65% of patients after a median of 25 weeks of bosentan treatment. 30 Hence, these data suggest that bosentan may be beneficial not only in the prevention of new ulcers, but also in the healing process. Based on these premises, we decided to try to validate previous results and, for the first time, we decided to evaluate the effects of the treatment in patients with different degrees of digital fibrosis. Importantly, we have shown that bosentan associated to iloprost is effective in the healing of ulcers in scleroderma patients refractory to previous treatments and characterized by mild digital fibrosis, whereas it is ineffective in patients with severe digital fibrosis. Approximately 50% of digital ulcers were healed after 6 months of treatment with iloprost and bosentan and in 25% of the lesions partial remission was observed. 31 ET-1 exerts a pro-fibrotic effect on normal dermal fibroblasts by activating the c-Abl/PKC-δ/Fli1 pathway, and bosentan reverses the pro-fibrotic phenotype of SSc dermal fibroblasts and prevents the development of dermal fibrosis in bleomycin-treated mice by blocking this signaling pathway. 32 But in our patients we did not observe improvement of skin fibrosis after treatment with bosentan. Non-digital ulcers on lower extremity are less prevalent. In a recent clinical study the prevalence in scleroderma patients was estimated at 4%, anyway they represent a challenging and underestimated complication of the disease causing important pain and morbidity. 33 The etiology of these ulcers is unknown; it is thought that micro traumas and venous insufficiency play an important role, and in a study conducted on a small number of patients a higher than expected frequency of antiphospholipid antibodies and methylenetetrahydrofolate reductase (MTHFR) mutation were identified in SSc patients with lower extremity ulcers. 27 Two recent case reports described the healing of a lower extremity ulcer in a patient with longstanding SSc after 6 months of therapy with bosentan. [33] [34] [35] In our study, eight patients also had non-digital ulcers on the lower limbs, for a total of 11 ulcers, but after 6 months of treatment with iloprost and bosentan, no ulcer was healed and only four showed a partial remission. Besides, we confirmed that bosentan is effective at preventing onset of digital ulcers in patients affected by scleroderma, considering that no new digital ulcer occurred in our SSc patients during and after the 6 months of therapy. The limits of the present study are the small number of patients and the lack of a control group. As we said before, this is a retrospective observational study carried out in a single center and systemic sclerosis remains a rare disease. About the control group, this study represents a real-life approach and all the patients were treated Receiver-operating characteristic analysis curve shows an optimal cutoff value of digital skin fibrosis (finger-RSS) ⩽1 for detecting the propensity to healing with a sensitivity of 88.9% and a specificity of 85.7%.
as indicated in the recent EULAR/EUSTAR guidelines.
Our study showed that the treatment with bosentan in combination with iloprost is effective in determining the healing of digital ulcers in SSc patients refractory to previous treatments, but is ineffective for the treatment of ulcers located on the lower extremity. The concurrent therapy with bosentan and iloprost is effective particularly in patients with mild skin digital fibrosis, while in patients with severe fibrosis the combination therapy has been shown to be markedly less effective, suggesting that skin fibrosis is the main feature of scleroderma which is opposed to the healing of digital ulcers.
